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(54) A fluid injection device

(57) A high pressure fluid injection device (2) for a
common rail system for a large internal combustion en-
gine comprises a first connection element (7) for supply-
ing high pressure fluid provided by a common rail system
to the fluid injector (4) and at least a second connection
element (3) for supplying a low pressure fluid to the fluid
injector. The fluid injection device includes a collector
element (5) connectable to the fluid injector (4), whereby
the collector element contains the second connection el-
ement (3) and the third connection element (13) and the
fluid injector (4) is in operation engaged with the collector
element (5) to provide a fluid passage (6,16, 26, 36) for
the low pressure fluid.
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Description
BACKGROUND OF THE INVENTION

[0001] The invention relates to a fluid injection device.
The invention further relates to a high pressure fluid con-
nection arrangement to a fluid injection device in a com-
mon rail system for a large internal combustion engine.
[0002] The invention further relates to a cylinder ar-
rangement for an internal combustion engine, a method
for operating an internal combustion engine as well as
to an internal combustion engine.

BACKGROUND ART

[0003] The person skilled in the art knows a great va-
riety of different types of reciprocating piston combustion
engines, such as two-stroke or four-stroke trunk piston
engines used in a variety of vehicles like ships, cars, aer-
oplanes or for example large diesel engines for ships or
stationary units for the production of electrical power.
[0004] Inthis specification the term"large internal com-
bustion engine" refers to such engines that are used, for
example, as main propulsion engines or auxiliary engines
in ships or in power plants for the production of heat
and/or electricity.

[0005] Inaknown arrangement a pipe for feeding high
pressure fuel from a common rail system into an injector
is directly connected with fuel injection device. Further-
more plurality of pipes for feeding control fluid or a cooling
fluid or a lubricant to the fuel injection device has to be
provided.

[0006] A common rail fuel injector may typically need
several different separate pipe connections for supply
and return of media at relatively low pressures (typically
at 0 -10bar pressure). For an injector cooled with engine
lubricant, it may need one lubricant connection for the
supply thereof, one lubricant connection for the return,
one connection for the return of the control fuel and pos-
sibly one connection for a mixed leakage of lubricant and
fuel. If the fuel injection device has to be disassembled
for maintenance, each of these connections has to be
disassembled individually. The exchange of injector be-
comes more laboursome due to the presence of a plu-
rality of pipe connections to the injector.

[0007] It is known in the field of four stroke medium
speed engines that the lower pressure connections can
be arranged in the cylinder head. The low pressure con-
nections are positioned at different heights and are sep-
arated by O-rings. This solution requires the machining
of a bore in the cylinder head for each of the required
connections. Thus, for supply and return of a cooling fluid
and for a leakage fluid already three bores have to be
machined. Thereby the manufacturing cost of the cylin-
der head can be considerably increased.

[0008] An object of the invention is to provide a new
connection arrangement, which solves the above men-
tioned problems of the prior art. It is also an object of the
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invention to provide a reliable connection arrangement
with uncomplicated construction. A further object is to
provide an arrangement which makes it possible to han-
dle and control any leakage of any of the process fluids.

BRIEF SUMMARY OF THE INVENTION

[0009] The objects of the invention can be obtained by
the features of claim 1. Advantageous embodiments of
the invention are subject of the dependent claims.
[0010] A high pressure fluid injection device for a com-
mon rail system for a large internal combustion engine
thus comprises a first connection element for supplying
a high pressure fluid provided by a common rail system
to the fluid injector and at least a second connection el-
ement for supplying a low pressure fluid to the fluid in-
jector. The fluid injection device includes a collector ele-
ment connectable to the fluid injector, whereby the col-
lector element contains the second connection element
and the fluid injector is in operation engaged with the
collector element to provide a fluid passage for the low
pressure fluid. The fluid injection device can be config-
ured in particular as a fuel injection device. The fluid in-
jector can be configured in particular as a fuel injector.
[0011] In an embodiment, the collector element con-
tains at least a third connection element for a further low
pressure fluid. The collector element can also contain a
fourth connection element. Even more than four connec-
tion elements can be connected to the collector element.
If the collector element contains a second and a third
connection element and possibly further connection el-
ements, the exchange of a fluid injector is as simple as
for the above-mentioned case of a single connection el-
ement. Advantageously, the collector element is config-
ured as a sleeve. Such a sleeve is easy to manufacture
and in particular it is possible to use sealing elements, in
particular circumferential sealing elements to seal the flu-
id containing passages to the fluid injector to the envi-
ronment. In the same way a circumferential sealing ele-
ment can be provided between two fluid containing pas-
sages to the fluid injector, which contain different fluids
which should not be mixed.

[0012] In an embodiment, the sleeve is of cylindrical
shape and has a bore of cylindrical shape. In another
embodiment, the sleeve has a central bore of at least
partial conical configuration. Under partial conical con-
figuration it should be also comprised a stepped design,
which includes cylindrical sections of several different
diameters. In a particular preferred embodiment the
smallest diameter is located closest to the injection noz-
zle. In particular the surface of the central bore can be
of a conical shape. The conical shape is advantageous
as a fluid injector of a corresponding conical shape can
be fit in a precise way into the central bore.

[0013] In an embodiment the high pressure fluid has
a pressure range of 600 to 2000 bar. The high pressure
fluid can be in particular a fuel, such as a diesel fuel.
[0014] In an embodiment, the low pressure fluid has a
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pressure of at most 10 bar. The low pressure fluid is in
particular one of a lubricant or a cooling fluid or a control
fluid.

[0015] For a control fluid, the pressure range is from
about 1 bar up to and including 10 bar. For a lubricant,
the pressure range is from about 6 bar up to and including
10 bar gauge pressure. For a low pressure fluid, which
comprises a leakage fluid, the pressure range is from
about 1 bar up to and including 10 bar gauge pressure.
[0016] the fluid injector is removable from the collector
element according to any of the preceding embodiments
by simply extracting the fluid injector from the bore in the
collector. Thus, the fluid injector can be disconnected in
a single step in a surprisingly simple way which addition-
ally only requires the high pressure pipe to be removed
and the bolts for holding the injector.

[0017] In an embodiment, an internal combustion en-
gine includes a cylinder, in which a piston is arranged to
be movable along a longitudinal cylinder axis to and fro
between a top dead centre position and a bottom dead
centre position. In the cylinder a combustion chamber is
defined by a cylinder cover, by a cylinder wall of the cyl-
inder and by a piston surface of the piston including a
high pressure fluid injection device in accordance with
one of the preceding embodiments. The internal com-
bustion engine can be atleast one of a crosshead engine,
in particular a crosshead large diesel engine, or a trunk
piston engine or a two-stroke or a four-stroke internal
combustion engine or a dual fuel engine being operable
either in diesel or otto mode.

[0018] Theinvention is further concerned with a meth-
od for exchanging a fluid injector of a fluid injection device
according to any of the preceding embodiments.

[0019] According to this invention the connection of
the low pressure pipe is contained in a separate sleeve
arranged around the injector. The exchange of the injec-
tors is quick and easy as the injector has to be removed
and moved back into the sleeve. The low pressure pipes
do not have to be removed when removing the injector.
The cylinder cover machining complexity is notincreased
since the supply and the drain connections are arranged
in the sleeve around the injector. The different media’s
are separated by O-rings in the injector.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] In the following the invention will be described
with reference to the accompanying schematic drawings.

Fig. 1 shows a section through a cylinder of an in-
ternal combustion engine

Fig. 2 illustrates an embodiment of the fuel injection
device according to the invention as a sectional view.
Fig. 3 shows a section of a fuel injector according to
the invention

Fig. 4 shows an alternative for attaching the collector
element to the fuel injector and the cylinder cover.
Fig. 5a, 5b, 5¢c show a further embodiment of the
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invention
DETAILED DESCRIPTION OF THE INVENTION

[0021] Fig. 1 shows, in a schematic illustration a first
embodiment of a cylinder arrangement 100 according to
the invention with the fuel injection device according to
the invention for an internal combustion engine which is
in the present example a longitudinally scavenged cross-
head large diesel engine. The cylinder arrangement 100
according to Fig. 1 includes a cylinder 101 in which a
piston 103 is arranged to be movable along a longitudinal
cylinder axis 107 to and fro between a top dead centre
position and a bottom dead centre position, wherein in
the cylinder 101 a combustion chamber 104 is defined
by a cylinder cover 102, by a cylinder wall 105 of the
cylinder 101 and by a piston surface 106 of the piston
103. Only one charge-cycle valve 109 being here an out-
let valve is provided in a gas exchange opening 110 of
the cylinder cover 102 which gas exchange opening 110
is connected viaagas feeding conduct 111 toanot shown
turbocharger assembly in a per se known manner. The
charge-cycle valve 109 includes a valve disk 112 coop-
erating in the operation state with a valve seat 113 of the
gas exchange opening 110 in such away, thatin a closed
position of the charge-cycle valve 109, the combustion
chamber 104 is sealed with respect to the gas feeding
conduct 111, wherein in an open position of the charge-
cycle valve 109 combustion gases can be fed out of the
combustion chamber 104 to the turbocharger assembly.
[0022] In Fig. 2, the reference numeral 1 indicates a
cylinder head of an internal combustion engine support-
ing a fuel injection device 2 by means of which high pres-
sure fuel is injected into a cylinder of the engine in a way
known as such. High pressure fuel provided by acommon
rail system (not shown) is delivered through a first con-
nection element 7 to the fuel injection device 2.

At least one of a second, third, fourth and fifth connection
element 3,13, 23, 33 can be foreseen for the delivery of
lubricant or cooling fluids or the discharge thereof. Each
of the connection elements is connected to a common
collector element 5. This collector element can in partic-
ular be configured as a sleeve. The collector element is
disposed with a central bore for receiving a fuel injector
4 therein. The collector element and/or the fuel injector
contain fluid passages 6, 16, 26, 36 for distributing the
appropriate fluid to the appropriate point of use in the fuel
injector.

[0023] Fig. 3 shows a section through a fuel injector 4.
The fuel injector contains an injection nozzle 41, which
inthe assembled state protrudes somewhat into the com-
bustion chamber, as shown in Fig. 2. The injection nozzle
41 is disposed with at least one fuel supply passage 42
for supplying high pressure fuel into the combustion
chamber 104 as shown in Fig. 1. The injection nozzle 41
forms in its simplest form a portion of the housing 40 of
the fuel injector. However, it may be advantageous that
the injection nozzle 41 is configured as a separate part
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due to the fact that the material of the injection nozzle 41
is subjected to the high temperatures prevailing in the
combustion chamber 104, when the engine is in opera-
tional state. The fuel supply passage 42 of the injection
nozzle is connected to a high pressure fuel supply res-
ervoir 43, which extends at least partially in the injection
nozzle element 41.

[0024] The injection nozzle element 41 is received in
an injection nozzle holding sleeve 55, which is attached
to the fuel injector body 56.

[0025] The fuel supply passage 42 can receive fuel
from a fuel reservoir 44, which is also arranged in the
fuel injector body 56 and can receive fuel from fuel supply
conduit 45. The fuel reservoir 44 contains a moveable
valve element 46. The valve element 46 can thus open
and close a connecting passage 57 between the fuel res-
ervoir 44 and the high pressure fuel supply reservoir 43.
The valve element is disposed with a tip 49, which can
be in contact with a seat 50 in the housing so as to close
the connecting passage 57. In its closed state, the tip 49
rests on the seat 50 to interrupt any passage of fuel into
the high pressure fuel reservoir 43. The closed state is
shown in Fig. 3.

[0026] The valve element 46 is disposed with an end
surface 47 subjected to a control fuel pressure and an
intermediate surface 48, which is subjected to the fuel
pressure present in the fuel reservoir 58. Furthermore a
spring 59 is placed in the fuel reservoir 58. The spring
acts on the intermediate surface 48 to keep the passage
57 closed by the valve element 46. The spring is wound
around a guiding element 59, which is part of the valve
element 46. The guiding element 59 terminates in the
end surface 47. The guiding element is guided by a
sleeve element 63. The sleeve element 63, the end sur-
face 47 and the fuel injector body supporting the sleeve
element 63 form a control space 64. The control space
64 is connected to the fuel supply conduit 45 by a throt-
tling passage 65. The throttling passage 65 has a cross-
section which is at most half the cross-section of the fuel
supply conduit 45. Furthermore the control space 64 is
connected to a control passage 66 leading to a control
fuel passage 60. This control fuel passage 60 contains
fuel. The control fuel passage has a radial passage 61
into which a displacement element 81 extends, which is
operated by a solenoid 80. The radial passage connects
to a circumferential passage 62, which forms a recess
on the outer surface of the fuel injector body 56. The fluid
passage 36 of Fig. 2 opens into this circumferential pas-
sage 62.

[0027] Ifthe fuel pressure in the fuel reservoir 58 is the
same as in the fuel reservoir 44 and in the control space
64, the tip 49 will remain seated on its seat 50.

The start of the fuel injection is controlled by the solenoid
when the solenoid is activated. The displacement ele-
ment 81 is pulled up and the pressure in the control cham-
ber 64 will cause the valve element 64 to open. The fuel
reservoir 58 is connected to the fuel reservoir 44 by a
passage 51. The fuel pressure acts on the annular sur-
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face 52 of the valve element 46 and a hydraulic force on
the seat 50 during injection to push the valve element
upwardly against the downward force exerted by the
spring 40. Thus the spring is compressed and the valve
element can lift from the seat 50 to supply fuel to the high
pressure fuel reservoir 43.

The valve element 46 closes when the fuel pressure in
the control space 64 is increased to such an extent, that
the force acting on the end surface 47 in combination
with the spring force becomes greater than the force act-
ing on annular surface 52, thereby driving the valve ele-
ment 46 back into its closed state.

[0028] Eachtime high pressure fuel is pumped through
the supply conduit, this cycle repeats and an injection of
fuel into the combustion chamber 104 occurs.

[0029] Furthermore a passage 70 for leakage fluids is
foreseen. The passage 70 has a radial passage 71
through which the displacement element 81 extends,
which is operated by solenoid 80. The radial passage 71
connects to a circumferential passage 72, which forms
arecess on the outer surface of the fuel injector body 56.
The fluid passage 26 of Fig. 2 opens into this circumfer-
ential passage 72.

[0030] In addition a passage 75 for the supply of lubri-
cant and/or cooling fluid is foreseen. The passage 75
comprises a radial passage 76 and an axial passage 77.
The radial passage 76 connects to a circumferential pas-
sage 78, which forms a recess on the outer surface of
the fuel injector body 56. The fluid passage 6 of Fig. 2
opens into this circumferential passage 78. The lubricant
and/or cooling fluid can be discharged through the dis-
charge passage 85. The passage 85 has a radial pas-
sage 86 and an axial passage 87. The radial passage 86
connects to a circumferential passage 88, which forms
arecess on the outer surface of the fuel injector body 56.
The fluid passage 16 of Fig. 2 opens into this circumfer-
ential passage 88.

[0031] The collector element 5 is shown as well as the
fluid passages 6, 16, 26, 36 leading to the respective
connection elements 3, 13, 23, 33 shown in Fig. 2. The
collector element 5 may be fixed to the cylinder cover by
means of a screw connection 90. However, this is only
one variant, it is also possible not to fix the collector el-
ement to the cylinder cover.

The collector element can be configured in particular as
a sleeve, which can either be fixed to the cylinder cover,
e.g. bolted to it, or it can be free to rotate and the angular
position is fixed by the connection elements 3, 13, 23, 33
only. The connecting elements can be in particular con-
figured as connecting pipes.

[0032] The fuel injector itself can either be bolted to
the collector element or it can be directly fixed to the
cylinder cover. In this case the collector element can be
either free to rotate or be separately fixed to the cover.
Such a variant is shown in Fig. 4. Again the parts having
the same function as in the previous embodiment carry
the same reference numbers and it is referred to the de-
scription of Fig. 2 or 3. The collector element 5 is attached
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to the cylinder cover 102 by a screw connection 91. The
fuel injector 4 is attached to the collector element 5 by a
screw connection 92.

[0033] Fig. 5a, 5b, 5¢ show a further embodiment of
the invention comprising a different type of fuel injector,
which could be used with the same collector element as
shown in Fig. 1 to 4. The parts having the same function
as in Fig. 1 to 4 carry the same reference numbers and
their function is not explained again. The valve element
46 is disposed with a fuel directing element 54 extending
into the high pressure fuel reservoir 43. The fuel directing
element contains a central passage 95, which provides
a connection between high pressure fuel reservoir 43
and an intermediate fuel reservoir 96. The fuel directing
element 54 can in addition be moved together with the
valve element 46 to open and close the fuel supply pas-
sages 42.

[0034] Thus, accordingto thisinventionthe connection
of the low pressure pipe is done to an separate sleeve
arranged around the fuel injector. The sleeve can remain
on the cylinder cover even when the injector is removed.
With this sleeve design the exchange of the fuel injectors
is quick and easy, since the low pressure connection el-
ements do not have to be removed when removing the
fuel injector from the cylinder cover, e.g. for maintenance
or replacement thereof. Thereby the cylinder cover ma-
chining complexity is not increased since the supply and
the drain connections are integrated into the separate
sleeve around the fuel injector. The different fluids are
separated by sealing elements, preferably O-rings, dis-
posed between neighbouring passages on the surface
of the fuel injector and also above the uppermost fluid
passage and below the lowermost fluid passage. Alter-
natively the sealing elements could be arranged in the
sleeve.

[0035] From the foregoing it should not be construed,
that the inventionis in any way limited to the embodiment
according to the figures. It can be implemented in many
other different embodiments within the scope of the in-
ventive idea and the attached claims.

Claims

1. A high pressure fluid injection device (2) for a com-
mon rail system for a large internal combustion en-
gine, comprising a first connection element (7) for
supplying high pressure fluid provided by a common
rail system to the fluid injector (4) and at least a sec-
ond connection element (3) for supplying a low pres-
sure fluid to the fluid injector, characterized in that
the fluid injection device includes a collector element
(5) connectable to the fluid injector (4), whereby the
collector element contains the second connection el-
ement (3) and the fluid injector (4) is in operation
engaged with the collector element (5) to provide a
fluid passage (6,16, 26, 36) for the low pressure fluid.
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2.

10.

11.

12.

13.

A high pressure fluid injection device in accordance
with claim 1, wherein the collector element (5) con-
tains at least a third connection element (13, 23, 33)
for a further low pressure fluid.

A high pressure fluid injection device in accordance
with claim 1 or 2,

wherein the collector element (5) is configured as a
sleeve.

A high pressure fluid injection device in accordance
with one of the preceding claims, wherein the sleeve
has a central bore of at least partial conical config-
uration.

A high pressure fluid injection device in accordance
with one of the preceding claims, wherein the pres-
sure of the high pressure fluid is in the range of 600
to 2000 bar.

A high pressure fluid injection device in accordance
with one of the preceding claims, wherein the pres-
sure of the low pressure fluid is at most 10 bar.

A high pressure fluid injection device in accordance
with one of the preceding claims, wherein the high
pressure fluid is a fuel.

A high pressure fluid injection device in accordance
with one of the preceding claims, wherein the low
pressure fluid is one of a lubricant or a cooling fluid.

A high pressure fluid injection device in accordance
with one of the preceding claims, wherein the fluid
injector is removable from the collector element.

An internal combustion engine (100), including a cyl-
inder (101), in which a piston (103) is arranged to be
movable along a longitudinal cylinder axis (105) to
and fro between a top dead centre position and a
bottom dead centre position, wherein in the cylinder
(101) a combustion chamber (104) is defined by a
cylinder cover(102), by a cylinder wall (105) of the
cylinder (101) and by a piston surface (106) of the
piston (103) including a high pressure fluid injection
device (2) in accordance with one of the preceding
claims.

An internal combustion engine according to claim
10, wherein the combustion engine is a crosshead
engine, in particular a crosshead large diesel engine.

An internal combustion engine according to claim
10, wherein the combustion engine is a trunk piston
engine.

An internal combustion engine according to anyone
of claims 10 to 12,
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wherein the combustion engine is a two-stroke or a
four-stroke internal combustion engine.

An internal combustion engine according to anyone
of claims 10 to 13,

wherein the combustion engine is a dual fuel engine
being operable either in diesel or otto mode.

A method for exchanging a fluid injector of a fluid
injection device according to any of claims 1 to 9.
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